The chloroplasts of Saxifraga stolonifera are able to convert several monohydric phenols (p-hydroxybenzoic acid, p-hydroxyacetophenone, p-hydroxybenzaldehyde and tyrosine)
Phenolase
(o-diphenol: 02 oxidoreductase) is an enzyme which catalyses two types of oxidation, i. e. the oxidation of monohydric phenols to o-dihydric phenols and the oxidation of o-dihydric phenols to o-quinones, and the former activity has generally been referred to as cresolase activity1'2'. It has been supposed that this enzyme plays a role by its cresolase activity in the biogenesis of polyhydric phenols in plant3'.
One of the present authors reported that the chloroplasts of Saxifraga stolonifera and some other plants are able to convert monohydric phenols, arbutin and p-coumaric acid, to the corresponding o-dihydric phenols by an enzyme of the phenolase type`1'5'. The main concern of the present study is to examine whether several other monohydric phenols can also be oxidized by similar enzymes present in the chloroplasts.
Materials and Methods

Materials
Of more than 30 plants whose chloroplast activity to oxidize p-coumaric acid has already been examined5', the leaves of six dicotyledons, Preparation of the chloroplasts This was carried out as described previously5' and the final pellet of the chloroplasts was suspended in water.
Yield of the chloroplasts (dry weight) from 1 g leaf was 7 mg in S. stolonifera, 10 mg in T. japonica, 15 mg in R. pulchrum, 9 mg in R. tri fcdus, 9 mg in C. sinensis and 5 mg in F. suspensa.
Preparation
of cytoplasmic protein fraction from leaves Fresh leaves, previously chilled in an ice box, were blended in 0.05 M phosphate buffer pH 6.7 (1 g leaf in 5 ml), the homogenate squeezed through silk and the filtrate centrifuged at 13,000g for 30 min. Three volumes of cold acetone at -15 ° were added to the supernatant and the protein was collected by centrifugation. It was dissolved in a small volume of water and dialysed overnight against cold water. The dialysate was centrifuged at 10,000 g for 10 min, the supernatant brought to a definite volume of water and used as cytoplasmic fraction.
Paper chromatography and reagents Paper chromatography
was carried out on Whatman No. 1 filter paper with the following solvents : a) 6 °o acetic acid, b) n-butanol-acetic acid-water (4 : 1: 2, by volume), c) benzene-acetic acid-water (2: 2: 1, upper layer), d) 80°o phenol. Reagents for detecting phenolic substances were : a) equal volume of 1% aq. ferricyanide and 1 % alcoh. ferric chloride as a dip (all the phenolic substances yield a blue colour) 6', b) 1 °o alcoh. ferric chloride as a dip, c) 0.5 f erricyanide (pH 8.0) as a spray (with this reagent o-dihydric phenols give a red or pink colour), d) 1 phosphomolybdic acid as a spray or a dip (o-dihydric phenols produce a blue colour via green) 7', e) diazotized benzidine as a spray (this gives an orange colour with o-dihydric phenols).
Condition of the reaction and chromatography
of the products To a mixture containing 0.02 M monohydric phenol and 0.05 M Tris-maleate or phosphate buffer pH 6.5 was added an equal volume of the chloroplast suspension or cytoplasmic protein solution (preparation from 1.5 g leaves in 1 ml), and the reaction was run for three hours at 30' with shaking.
At the end of the reaction, the reaction mixture was filtered to remove the chloroplasts or insoluble substances.
The filtrate was acidified to pH 2 with hydrochloric acid, extracted several times with ether and the combined extracts evaporated to dryness (when tyrosine was used as substrate, the acidified filtrate was directly brought to dryness in a desiccator over phosphorus pentoxide).
The residue was dissolved in a small volume of water and an aliquot of the solution used for paper chromatography.
Isolation and identification of the products The concentrated sample obtained as above was chromatographed on acid-washed paper sheets with solvent b) or c) and the product (o-diphenol) was eluted from the corresponding zone with 80% ethanol. After the eluate was evaporated to dryness, the residue (amorphous) was taken in an appropriate volume of ethanol, and this solution used for further analysis. Although further purification was unsuccessful because of the shortage of material, all the samples thus obtained gave a single spot on paper chromatograms.
Each product was identified as o-dihydric phenol from its colour reaction to reagents b) -e) and R f values in different solvents.
It was further examined that the ultraviolet absorption spectrum of the product showed no extra conjugation over that of authentic substance.
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Results
When incubated with p-hydroxybenzoic acid, p-hydroxyacetophenone, p-hydroxybenzaldehyde and tyrosine, respectively, the chloroplasts of Saxifraga stolonif era gave rise to one or a few phenolic products (Fig. 1) , and the substances corresponding to spot A on each chromatogram were identified, from the characteristic colour reactions to the reagents (Table 1) , Rf values in different solvents (Table 1 ) and ultraviolet absorption spectra (Fig. 2) , as 3, 4-dihydroxybenzoic acid (protocatechuic acid), 3, 4dihydroxyacetophenone, 3, 4-dihydroxybenzaldehyde (protocatechualdehyde) and 3, 4dihydroxyphenylalanine (DOPA), respectively. The chemical nature of other products was not studied in the present experiments.
The above chloroplast activity was further examined using the leaves of T. japonica, R. pulchrum, R. trifidus, C. sinensis and F. suspensa, and the results shown in Fig. 1 . When reaction mixture contained a substance having similar Rf values to A, mixed chromatography with several solvents was carried out to confirm the identity.
It was observed that the chloroplasts of the first three plants could oxidize all the monohydric phenols tested, while the chloroplast activity of the last two seemed to be low and restricted to certain substances. The cresolase activity of the cytoplasmic fraction amined (Fig. 3) , and it was noticed that only in some monohydric phenols this activity could be detected. 
Discussion
From the results in the present study and the information described in the previous papers4'5', it is clear that the isolated chloroplasts of S. stolonifera have an activity to convert a variety of monohydric phenols to the corresponding o-dihydric phenols by an enzyme of the phenolase type. This cresolase type activity could also be detected in the chloroplasts of several other dicotyledons, although in some plants tested, this could only be observed with certain monohydric phenols.
On the other hand, the activity of the cytoplasmic fraction seems to be low as compared with that of the chloroplasts ( Table 2 ). It is worthy to note that in S. stolonifera and R. pulchrum all the monohydric phenols can be oxidized by the chloroplasts, but none by the cytoplasmic fraction.
It was reported that phenolase in the chloroplasts of sugar-beet leaves has a cresolase activity higher than that in the soluble fraction9', and the present results seem to suggest that "bound" phenolase in the chloroplasts plays a role in the biogenesis of polyhydric phenols in certain dicotyledons.
